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CN ■ Abstract 

pLn ! Non-leptonic hyperon weak decays are investigated in the SU{3) Skyrme 

' model. We use a collective coordinate scheme, following the approach in which 

■ the symmetry breaking terms in the strong effective action are diagonalized 

. exactly. To describe the weak interactions we use an octet dominated weak 

, effective lagrangian that leads to a good description of the known 2tt and 

Stt kaon decays. We show that the observed S-wave decays are reasonably 



(N 



CD ' well reproduced in the model. On the other hand, our calculated P-wave 

■ amplitudes do not agree with the empirical ones even though both pole and 

. contact contributions to these amplitudes are properly taken into account. 



o 



Finally, an estimate of the non-octet contributions to the decay amplitudes is 



' presented. 
Ph. 



X 



I. INTRODUCTION 



' Although during the last few decades much progress has been done in the theoretical 

study of hadron structure, the non-leptonic weak decays of hyperons still remain far from 
being well understood. This class of decays involve not only weak interactions but also low 
momentum strong processes, which have made their first principle calculation unfeasible 
so far. In this situation, different hadron models have been used to get the corresponding 
theoretical predictions. The available experimental information allows to determine both S- 
and P-wave decay amplitudes separately for various processes. In the case of the S-wave 
decays, the predictions given by quark models with QCD enhancement factors turn out to 
be quite successful (see Ref. and references therein). These models, however, have serious 
difficulties in reproducing at the same time the empirical results in the case of the P-wave 
amplitudes. Indeed, this seems to be a problem (so called "S/P wave puzzle") which is 
common to other approaches as e.g. heavy baryon chiral perturbation theory 0], QCD sum 
rules 0, etc. 

A possible solution to the S/P wave puzzle has been suggested some years ago within 
the context of chiral topological soliton models [lllffl . It was shown that in these models the 
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P-wave amplitudes receive, in addition to the standard pole diagrams, extra contributions 
from contact terms. Then, it was speculated that these extra terms could provide a clue to 
this issue. Unfortunately, at the time this suggestion was made such models were hampered 
by several serious problems, such as very poor predictions for the hyperon spectrum 
far too small results for the 5*- wave non-leptonic decay amplitudes etc. Therefore, it 
was hard to draw definite conclusions about the real relevance of the contact terms. With 
the introduction of more refined methods to treat the chiral symmetry breaking terms in 
the effective action the situation has significantly improved. Indeed, a scheme in which 
one introduces SU{3) collective coordinates and the hamiltonian — including a symmetry 
breaking piece — is diagonalized exactly leads to very good results for the hyperon spectra, 
as well as reasonable predictions for different baryon properties (for a review see Ref. 0). 
Moreover, it has been recently shown p[ that within such scheme, and using a simple 
Cabbibo current-current form for the weak interaction, one can obtain the correct S'-wave 
absolute values. Thus, we are now in position to verify whether chiral soliton models can 
provide a unified and consistent description of the hyperon non-leptonic decays. In this 
work we will describe the weak interactions by means of an effective weak chiral lagrangian 
— which is more general than the Cabbibo current-current coupling often used in previous 
Skyrme model calculations [^,^|-|T^ — , where the low energy coupling constants will be fixed 
to reproduce the known 2it and Stt i^-meson decays. We will concentrate mostly in the 
dominant octet-like piece of this AS = 1 lagrangian, considering terms up to order p^. In 
addition, possible non-octet contributions will be considered for the particular case of the 
^(E^]) amplitude which, as well known, vanishes in the pure octet approximation. The 
non-leptonic hyperon decay amplitudes will be obtained by evaluating the corresponding 
matrix elements using the topological soliton model wave functions. 

The article is organized as follows: in Sec. II we give a brief overview of the SU (3) 
soliton model and introduce the octet-like weak effective chiral lagrangian to be used in the 
following two sections. In Sec. Ill and IV we describe the calculation of the S'-wave and 
P-wave amplitudes respectively, and present the corresponding results. The impact of the 
non-octet-like components of the weak effective lagrangian is discussed in Sec. V and in Sec. 
VI we state our conclusions. Finally, in the Appendix we give some details concerning the 
evaluation of the matrix elements of the collective operators which appear in the calculation 
of the decay amplitudes. 



II. THE MODEL 



In chiral topological soliton models baryons are described as topological excitations of a 
chiral effective action which depends only on meson fields. We use the form 



r — TsK + ^WZ + ^SB 



(1) 



where Tsk and Twz stand for the Skyrme and Wess-Zumino actions respectively, and Tsb 
is an SU{3) symmetry breaking piece. The Skyrme action has the usual form 



SK 



d^Il Tr [d,U{d^Uy] + 7^ Tr [[U^d.U, U^dM?] } 



32e2 



(2) 
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where the chiral field f/ is a non-hnear reahzation of the pseudoscalar octet, /tt = 93 MeV 
is the pion decay constant and e is the dimensionless Skyrme parameter. The Wess-Zumino 
action reads 



wz 



24077- 



j (fx e'^^'"^^ Tr [L^L,LpL,L;\ , (3) 

where = U'^d^U and A^^c = 3 is the number of colors. Finally the symmetry breaking 
piece is given by 

TsB = Jd'xi^ + [f/ + _ 2] + -Jk< ^r [Ag {U + U^)' 

^li^ Tr [(1 - VsXs) {u{d,Uyd^U + U^d,U{d^Uy)] | , (4) 



where Jk is the kaon decay constant and m^r and rriK are the pion and kaon masses, respec- 
tively. In our numerical calculations below we will set these parameters to their empirical 
values and take e = 4.1 which is suitable for a good description of many baryon properties 
in this model. 

In the soliton picture we are using the strong interaction properties of the low-lying |^ 

and 1^ baryons are computed following the standard SU{3) collective coordinate approach 
to the Skyrme model. We introduce for the chiral field the ansatz 

Uo{r,t) = Ait) (^'^+'^-^^ 0^ ^t(,), (5) 

where we have used the abbreviations c = cos -F(r) and s = sinF(r), F{r) being the chiral 
angle that parameterizes the soliton. The collective rotation matrix A{t) is SU{3) valued. 
Substituting the configuration Eq. into F yields (upon canonical quantization of A) the 
collective Hamiltonian. Its eigenfunctions are identified as the baryon wavefunctions "^b- 
Due to the symmetry breaking piece Tsb, the Hamiltonian is obviously not SU{3) sym- 



metric. However, as shown by Yabu and Ando [|lT|, it can be diagonalized exactly. The 
diagonalization essentially amounts to admixtures of states from higher SU{3) representa- 
tions into the octet (J = ^) and decouplet (J = |) states. This procedure has proven to be 
quite successful in describing the hyperon spectrum and static properties 0. 

In order to describe the non-leptonic hyperon decays we have to introduce an effective 
weak AS* = 1 lagrangian. The latter is constrained by weak interactions to transform 
either as 8 or 27 under the chiral group SU{3)l. Here, we will take into account only the 
dominant octet-like couplings, which lead to pure A/ = 1/2 transitions. The remaining 27 
piece includes both A/ = 1/2 and A/ = 3/2 operators and turns out to be suppressed in 
view of the yet not completely understood "A/ = 1/2 rule". Further considerations about 
these non-octet-like terms will be given in Sec. V. We consider the effective lagrangian given 

by H 



C^^^ = gTT [Xed^Ud^'U^] + g' Tr [Xed^Ud^'U^OMd'^U^] + g" Tr [\6df,UdM^d''Ud''U^] . (6) 

It should be noticed that this is not the most general octet-like AS* = 1 interaction one can 
write down up to in the momentum power expansion. The latter, containing many 
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other terms, has been presented in Ref . |T2[ . For the decays we are interested in (no external 
fields), it turns out that the most general lagrangian includes 15 independent terms of order 
leading to pure AI = 1/2 transitions. However, to this order, it has been shown |T3 



that the couplings considered in (g) are sufficient to fit the known data on K rni and 
K 717171. In the absence of further information from the meson sector, we will just stick 
to this simple form. In order to give an idea of the uncertainties in our calculations, we will 
consider two sets of values for the constants g, g' and g" which provide fits to the kaon data 
of similar quality. Set A corresponds to the parameters used in Refs. 



g = 3.60 X 10"^ ml ; g'/g = 1.50 x 10"^ fm^ ; g"/g = -6.74 x 10"^ fm^ , (7) 

while Set B corresponds to the values obtained in Ref. |p!3| , 

g = 2.98 X 10~® ml ; g'/g = 1.69 x 10"^ fm^ ; g"/g = 1.87 x 10"^ fm^ . (8) 

To calculate the hyperon decays in the context of the Skyrme model with SU (3) collective 
coordinates, we include the soft meson fiuctuations on top of the soliton background. This 
is achieved using 

U = UMUo{r,t)UM , (9) 

where Um = l+ir-n/ (2 Inserting this expression into and taking the appropriate 

matrix elements one can obtain the desired S'-wave and P-wave decay amplitudes. This is 
worked out in the following two sections. 



III. 5- WAVE AMPLITUDES 

As mentioned in the Introduction, it has been recently shown |Q that if the Cabbibo 
current- current form is used to describe the weak interactions, the present soliton model leads 
to a reasonably good description of the S'-wave hyperon decay amplitudes. In this section 
we study these amplitudes using the effective weak chiral lagrangian given by Eqs. 

As usual, we assume that isospin symmetry is preserved. In such limit, the following 
relations between the non-leptonic decay amplitudes can be derived: 

S: = S+ - S+ (lOa) 
A° = -V2 A° (10b) 
S: = -v^ 2° , (10c) 

where the lower indices indicate the charge of the outgoing pion. In this way, only four of 
the seven measurable amplitudes need to be considered as independent. For simplicity, we 
choose these amplitudes to be Aq, Sq , Sq and Slj]. 

For a process B —> B'ti, we can deffne the amplitudes A and B, corresponding to S- and 
P-wave decays respectively, according to 

Z (PV|48)|P) = UB> {A + i375) UB . (11) 



4 



In the soft-pion hmit, the octet nature of together with current algebra relations, lead to 
an additional constraint for the S'-wave S decay amplitudes, namely A{T,z) = —\/2A(J2q). 
Thus from (|10a]) one obtains ^(E^) = 0. The remaining A amplitudes can be calculated by 
replacing Eqs. (0) and (B) in and taking the corresponding matrix elements. We find 



AiB ^ B'tt'^) = a {B'\Rrs\B) , (12) 



where 



47r« , , , 
a = —pz — / ar r 



(13) 



In Eq. (0), -R78 stands for an SU{3) rotation matrix. Rat = 1/2 Tr XaAX^A^ . As explained 
in the Appendix, its matrix elements between the collective wavefunctions describing the 
different baryon states can be calculated as linear combinations of SU{3) Clebsch-Gordan 
coefficients. 

Our results for the A amplitudes are summarized in Table |, where we also quote the 
values corresponding to the quark model (QM) [|I|. Following the usual convention, the 
overall phase has been fixed to obtain ^(A*^) real and positive. It can be seen from the 
table that the predictions obtained with Set A are about 15 % higher than those arising 
from Set B. In both cases, our results are somewhat below the experimental values. However, 
since the deviation is in the same direction for all processes (notice that this is not the case for 
the QM values), the agreement is significantly improved if one considers the ratios between 
the different amplitudes. In general, it could be said that our results and those corresponding 
to the QM are of similar quality. 

It is also interesting to compare the present results with those of previous soliton calcu- 
lations. As already mentioned, in some of them PJ8|-[10| the Cabbibo current-current has 
been used. Within such scheme the best agreement with empirical data has been obtained 
in Ref. p] where, as done here, the baryon wavefunctions arise from an exact diagonalization 
of the SU(3) collective hamiltonian. Generally speaking the results reported in Table |I| are 
somewhat smaller (in absolute value) than those of Ref. . However, it should be stressed 
that the present calculation is free from the uncertainties related to the question of whether 
(and to which extent) QCD enhancement factors have to be included in soliton calculations. 
Here, such factors are already accounted for in the value of the low energy constants that 
appear in the weak lagrangian. On the other hand, if our results are compared with previous 
calculations based on effective weak chiral lagrangians |Q, we see that the use of empirical 
input parameters in the strong effective action, together with the exact diagonalization of 
the SU(3) collective hamiltonian, lead to a significant improvement in the predictions. 

A final comment concerns Ref. [T^ and its Addendum ||l^. In Ref. |jl^, the author 



studies weak decays of hyperons in a chiral topological soliton model, starting with a AS = 1 
lagrangian including six 0{p^) terms. As shown in the Addendum, the Cayley-Hamilton 
theorem can be used to reduce these six terms to only four independent ones. Moreover, 
following the same steps as in our calculation, one arrives to further relations between the 
corresponding hyperon decay amplitudes. At the end one is effectively left with only two 
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terms, which — as done in the present work — can be chosen to be those proportional to 
g' and g" in Eq. (P). Following Ref. |[l^, one might try to see whether it is possible to 



find a set of coefficients for those terms capable to reproduce the empirical values for both 
kaon and hyperon decays. For this purpose, and in order to relate the coefficients with the 
hyperon amplitudes, the author of Ref. makes use of the relation (p!^ ) and takes the 
SU (3) symmetric limit. In this way all decay amplitudes can be expressed in terms of one of 
them and the f /d ratio. The use of empirical values for the latter leads to an incompatible 
system of equations, so that the author argues that this precludes a successful application of 
the chiral lagrangian model. We believe that the results found in the present work provide 
some ground to disagree with such strong conclusion. In fact, the relations in Ref. are 
expected to be modified by SU (3) breaking effects and by next-to-leading order corrections 
in which in general introduce modifications to Eq. (p!2D. From the results displayed 
in Table | it is seen that if the chiral soliton approach is used together with an effective 
weak chiral lagrangian consistent with K meson decays, one can obtain a reasonably good 
description of the S'-wave hyperon decays, already at leading order in iVg. 



IV. P-WAVE AMPLITUDES 

We turn now to the evaluation of the P-wave amplitudes. In the non-relativistic limit, 
they can be calculated using 



B ub' 75 ub 



= xnA')a-gx(A) 



2M 



(14) 



where M is the average of the B and B' empirical masses. As stated in the Introduction, 
in the present model B receives contributions of two different kinds 0]. One of them arises 
from contact terms in (see Fig. la), whereas the other one is given by the pole diagrams 
shown in Figs, lb- Id. Our evaluation of the contact contribution in the case of vr*^ emission 
leads to 



B. 



contact 



[B B'-k'') 



2M 



{B'\ / d^r Vc\B) 



(15) 



where^ 

A = 



g{il + c){F' + 2-)R,s - ^(1 - c)(F' - 2-)^+) 



2 

V3' 



+ g' + 2- 




;i + c)(F' + 2^)^63 + ^ 



+ g" { (1 + c)F' ( + 2-F' + 2^ ) R,, 



F'(3-c) + 2-(3c-l] 
r 



R. 



(+) 



^Eq. (|^) shows some differences with respect to Eq. (24) of the erratum of Ref. 
believe, contains errors and/or misprints. 



which, we 
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+ 



2 

_8_s 



F''\3 - c) + 2-F'(l - c)(F' - -) + 4-c 



with 



R3 ^ — -^68-^33 =t -^63-^38 • 



(-) 



(16) 



(17) 



Similar expressions can be found in the case of charged outgoing pions. On the other hand, 
from the pole diagrams we obtain 



BpoieiB ^ fi'7r°) = -2V2 M 



B" I 



9a 



Mb' - Mb" 



B 



Mb" 



;i8) 



where we have neglected the small K pole term contribution in Fig. Id, and we have made 
use of the generalized Goldberger-Treiman relations to write the strong coupling constants 
in terms of the axial charges. Notice that Eq. (|18D includes a sum over a set of intermediate 
states B". In our calculations, we have included the = collective eigenfunctions that 
arise from the exact diagonalization of the strong Hamiltonian. It turns out that only a 
few excited states are needed to find convergence and their contribution represents, at most, 
15% of the total values of Bpoie- 

For the sake of consistency, in order to estimate the size of the Bpoie amplitudes we will 
take into account both the axial charges and the A amplitudes obtained within our model. 
Therefore, we consider the axial charge operator qa arising from the action (|l]), which reads 



9A_ 

V2 



R 



33 



£2 _ f2 
I JK Jn 

9 



(fr (1 - c) 



-(l + 2c) + F' 

r 



d\ il-c] 



1 - R8s)R33 
2-F' I dskk'RskJk' , 









-^83-^381 


. r 





(19) 



where G^^ is the kaonic moment of inertia. It is worth to mention that this operator leads to a 
low value for the neutron beta decay form factor, — 0.75, compared with the experimental 
result of about 1.25. 

Numerical results for both the contact and pole contributions to the B amplitudes are 
given in Table |T[ It can be seen that the absolute values for the total amplitudes are far too 
small in comparison with the experimental results. In the case of the pole contributions, this 
could be explained in part by an underestimation of the axial form factors, as suggested by 
the low value in the case of the neutron beta decay. In particular, for B{Aq), the contribution 
obtained from Eq. ( [TB| ) using the empirical values of the A amplitudes and axial charges 
is in very good agreement with the experimental result (see the value corresponding to the 
chiral fit in Table In our calculation, instead, the suppression arising from the somewhat 
low predictions for the S'-wave amplitudes, together with the underestimation of the axial 
form factors, conspire to end up with a reduction factor of about 1/3. In the case of the 
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remaining P-wave amplitudes, it is well known that the usage of phenomenological values 
18) does not allow to get a good fit of the experimental values. In this sense, the contact 



m 



contributions have been suggested as a possible novel ingredient to solve the discrepancy. 
Our results show, however, that the values for Bcontact amount at most 1/10 of the empirical 
B amplitudes. Thus, even if the effect goes in the right direction, the contact contributions 
appear to be too small to represent a potential solution for the S/ P problem. 

To check the dependence of our results on the Skyrme parameter e we have considered 
departures from the central value e = 4.1. We find that the absolute values of the amplitudes 
tend to increase as e increases. The amplitudes which turn out to be the most sensitive to 
the variation of e are those corresponding to the A rni^ process. For e = 4.5, which 
already implies an increase of more that 25% for the AA^ splitting, we find, for Set A, 
^(Aq) ^ — 2 X 10"'^ which is quite close to the empirical value A{kQ)emp = —2.37 x 10"'^. 
However, even in this case, the predicted ^(Aq) is still more than a factor 2 below the 
corresponding empirical value. Thus, we can conclude that the statements above are quite 
robust under variations of the only adjustable parameter in our calculation. 



V. CONTRIBUTIONS OF NON-OCTET-LIKE COMPONENTS 

As stated in Sec. II, the non-leptonic decay amplitudes are dominated by the octet- 
like components of the weak effective lagrangian, hence only these components have been 
considered in the previous two sections. On the other hand, we have also mentioned that 
this approximation leads to a vanishing 5*- wave amplitude. In fact, the experimental 
value of ^(E^), although significantly smaller than the other measured S-wave amplitudes, 
is found to be different from zero. In this section we will investigate whether within the 
present model the standard non-octet-like contributions to the weak effective lagrangian are 
able to account for this difference. It is clear that such contributions will also modify the 
results obtained in the previous sections for the other S'-wave and P-wave decay amplitudes. 
However, the modifications are, in the worst case, of the same order of magnitude than 
the uncertainties involved in the parameters g' and g" in the weak effective lagrangian. 
Therefore, in what follows we will concentrate only on the S'-wave decay amplitude. 

The lowest order 27-plet contribution to the weak effective lagrangian occurs at p^. It 



can be written as 12 



£f ) = C3 tf, Tr {q: U^d.u) Tr (g^ U^d^u) (20) 
where {QDij = ScjSai, and 



_ 3 
~ 2 ' 

^12 — ^21 — ^13 — '^31 ~ ^ ^ (21) 



.31 _ J.13 _ _ ,21 
''21 ~ ''12 ~ '-13 ~ ''31 



with t"^ = otherwise. As in the case of the octet-like piece, we will take into account also 
the effect of next-to-leading order couplings. We consider the 0{p'^) interaction 
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A27) 



= g, tf, Tr {Q: L^) Tr (q\ K U 



(22) 



Once again the most general lagrangian allowed by chiral symmetry includes many possi- 
ble terms [Ol, and the coupling constants cannot be fully determined from the available 
information on the kaon sector. The structure chosen in (p2|) is, however, sufficient to get 
a good fit of 2tt and Svr K decays. From such a fit one obtains fl^ gi ^ 1.0 x 10^^°, 
g2 ~ -0.4 X 10'^°, 5(3 ^ 0.1 X 10"^° together with cg//^ - -0.8 x 10"^. This set of values 
is used in the numerical calculation below. 

The desired S'-wave amplitude can be now easily obtained by inserting the explicit 
form of the chiral field U in the effective couplings (pOD and (0). By doing this we arrive to 



nil 



15 



8v^ 



(23) 



Here, the left lower index of the SU(3) Wigner function D stands for (F, /, Is) = 
(1,3/2,-3/2) while the right lower index corresponds to (0,0,0). The radial integrals I2 
and li are given by 



h 



sin^F' 



3/, 
IGvr 



dr 



^,0 f ^,0 sin^F\ / ,9 sin^F' 

g, F'2 - 4 —— +2(72 F'^ + 2 — — 



(24) 



Even if the integrand of I4 is suppressed by the coefficients gi (which are one to two 
orders of magnitude lower that C3/ f^), it can be seen that the suppression is compensated 
by the values of the radial integrals, in such a way that at the end J4 dominates over I2. 
Evaluating the matrix element in (E^), we finally obtain 



0.01 X 10 



-7 



(25) 



to be compared with the empirical value AempiX'X) ~ 0.13 x 10~^ given in Table |. We 
observe that our estimation for ^(S^), although non- vanishing, is roughly one order of 
magnitude smaller than the empirical result. As in the case of the octet-like contributions 
this statement remains valid for reasonable variations of the Skyrme parameter around its 
central value e = 4.1. 



VI. CONCLUSIONS 

In this work we have revisited the problem of the calculation of the non-leptonic hyperon 
decay amplitudes in the topological soliton models. We have used the approach to the SU (3) 
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Skyrme model in which both the isospin and the strange degrees of freedom are treated as 
collective rotations around the usual SU{2) hedgehog ansatz and the symmetry breaking 
terms in the strong action are diagonalized exactly. To describe the weak interactions we 
have used a chiral effective action, in which low energy constants are adjusted to describe 
the known 27r and Stt weak kaon decays. For the S-wave decay amplitudes we have found 
that, compared with previous calculations based on effective weak chiral lagrangians 0, 
the use of empirical input parameters in the strong effective action, together with the exact 
diagonalization of the SU{3) collective hamiltonian, lead to a significant improvement in the 
predictions. A similar result has been recently obtained using a Cabbibo current-current 
type weak interaction Although our predictions are about 30% below the empirical 
values we consider them as satisfactory in view of the simplicity of the model and the fact 
that higher order Nc corrections of that size are to be expected. On the other hand, our 
results badly fail to reproduce the empirical P-wave amplitudes. In soliton models, such 
amplitudes receive two types of contributions namely those arising from the usual pole 
diagrams and those coming from contact terms. The presence of the latter provided some 
hope that the long standing S/P wave puzzle could find a solution within these models. 
Our results show that, unfortunately, such contact contributions are far too small to close 
the gap between the predictions coming from the pole terms alone and the empirical values. 
Although one cannot exclude some corrections to these results due to higher order effects 
neglected in this work (such as e.g. the kaon induced components which are known to play 
a significant role in the determination of the parity violating vrA^ coupling constant [jl9|), it 



is difficult to believe that they could lead to a solution of this problem. Finally, we have 
estimated the contribution to the decay amplitudes coming from non-octet terms in the weak 
effective action. Since these contributions are generally very small we have concentrated only 
on the S'-wave Slj] decay amplitude which, as well known, vanishes if only octet terms are 
considered. Our result, although non-zero, turns out to be roughly one order of magnitude 
smaller than the empirical value. This clearly indicates that, within the Skyrme model, 
more refined wave functions and/or effective weak interactions are needed to understand 
the subtle effects related with the small violations of the A J = 1/2 rule observed in the 
non-leptonic hyperon S'-wave decays. 
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APPENDIX: CALCULATION OF THE COLLECTIVE MATRIX ELEMENTS 

As explained in the main text the calculation of the decay amplitudes involves the matrix 
elements of some collective operators O between baryon wavef unctions. To evaluate these 
matrix elements we proceed as follows. 

In general, the wavefunction corresponding to a baryon B can be expanded in terms of 
SU{3) Wigner functions D^g, 
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*B = EC|Vdim(i?)D53, 



(Al) 



R 



where a = (Y, I, I^) and P = (1, J, J3) carry the baryon quantum numbers, and R is the 
corresponding representation. The coefficients C§ are obtained from the diagonahzation 
procedure described in Sec. II. In addition, the collective operators O can always be expressed 
as 



O 



(A2) 



a,f3,R 



where 7?^ are numerical coefficients. These coefficients result from expressing the "carte- 



sian" SU{3) indexes a = 1...8 in terms of the "spherical" SU{3) indexes (Y, /, /a) and 
performing suitable Clebsch-Gordan series expansions when needed. For example, for the 
operator Rjs appearing in Eq. (|1^) we have 



R 



78 



V2 



^),(0,0,0) ^(-l,i,i),(0,0,0) 



(A3) 



while the combination i?3^^ in Eq. (|T^) can be written as 



o{+) _ r 
"To- 



ns 

.^(l,i,-i),(0,l,0) 



+ ^(-i,|,|),(o,i,o) 



1 

10 



-i),(0,l,0) 



i),{0,l,0) 



1 

75 



r-)27 I f)27 

^(l,f ,-i),{0,l,0) + ^(-l,|,i),(0,l,0) 



(A4) 



Thus, the matrix element {B'\0\B) can finally be expressed in terms of the standard 
SU{3) Clebsch-Gordan coefficients pO[. Namely, 



{B'\d\B) = E 7f , E Cb {c%r 



a,j3,R R,R',ti 



dim (R) f R R R' \ f R R R'fi 
^ dim {R') [a a a' ) \(3 p {3' 



(A5) 



where the brackets indicate the Clebsch-Gordan coefficients. The sum over yU refers to the 
situations in which the Clebsch-Gordan expansion of the product of two Z^'s includes more 
than one representation with the same dimension. 
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TABLES 



TABLE I. Calculated S-wave non-leptonic hyperon decay amplitudes as compared with the 

empirical values. For comparison we list also the results of the quark model (QM) calculations of 
Ref. [1]. All values should be multiplied by 10^^. The numerical values of the coefficients g,g' and 
g" (which appear in the weak effective lagrangian) corresponding to Set A and B are given in the 
text. 





This calculation 

SET A 


SET B 


QM 


Emp 


AO 

"0 


-1.63 
-2.48 


2.37 


-1.28 
-1.94 


1.86 


-1.5 
-3.8 


3.0 


-2.37 
-3.27 
0.13 
3.43 



TABLE II. Calculated P-wave non-lcptonic hyperon decay amplitudes as compared with the 
empirical values. For comparison we list also the results of a typical chiral fit (x-fit) taken from 
Ref. [18]. All values should be multiplied by 10~^. The numerical values of the coefficients g,g' 
and g" (which appear in the weak effective lagrangian) corresponding to Set A and B are given in 
the text. 









This calculation 






x-fit 


Emp 






SET A 






SET B 










pole 


contact 


total 


pole 


contact 


total 








-5.15 


-0.38 


-5.53 


-4.04 


-1.46 


-5.50 


-16.0 


-15.8 




2.73 


2.23 


4.96 


2.14 


2.27 


4.41 


10.0 


26.6 




-0.65 


4.52 


3.87 


-0.51 


3.57 


3.06 


4.3 


42.2 


"0 


1.98 


-0.27 


1.71 


1.55 


-0.003 


1.55 


3.3 


-12.3 
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FIGURES 



TT TT TT ^' 

kP 

< — - — o — — o — - — — - — 
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^B' 

(a) (b) (c) (d) 



FIG. 1. Diagrams contributing to the P-wave decays: (a) contact contribution, (b), (c) baryon 
pole contributions, (d) kaon pole contribution. 
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